How to cite this article: Telli G, Tel BC, Büyükafşar K, Gümüşel B. Effects of GPER-1 receptor activation on the reactivity of pulmonary vascular bed and its possible protective role on ischemia /reperfusion injury. Marmara Pharm J. ABSTRACT: Estrogens have remarkable roles in various diseases and physiological events. The recent studies indicate that estrogens exhibit rapid effects such as calcium influx or release of nitric oxide via receptors on the cell membrane or on endoplasmic reticulum. This receptor is called GPER-1 (G protein-coupled estrogen receptor-1). In many previous studies, acute administration of GPER-1 selective agonist G1 reduced ischemia/reperfusion (I/R) injury in heart. In this study, the effect of G1 on the pulmonary vascular bed was investigated using isolated organ bath and isolated lung perfusion. The effect of pre-ischemic acute G1 treatment on lung I/R injury was assessed with post-I/R acetylcholine (ACh) or sodium nitroprusside (SNP) administration. Lungs wet/dry weight ratios were measured to determine the role of acute G1 administration on lung edema due to I/R injury. G1 was not cause a vasorelaxation in precontracted pulmonary arteries. The acute G1 pre-administration was increased the responses of ACh and SNP in I/R injury, however this increase was not statistically significant compared to control. There was no change on lung wet/dry weight ratio between the treatment and control groups. The vasorelaxation responses to ACh and SNP were not different between male and female rats. In our study, G1 caused a slight vasorelaxation in pulmonary vascular bed. There was no significant increase in the vasorelaxations with G1 treatment after I/R injury. Our results suggest that considering the presence of GPER-1 in lung tissue, GPER-1 should be evaluated in detail with further studies.
INTRODUCTION
Estrogens are steroid sex hormones that are important in development and maintenance of female reproductive system. Furthermore, estrogens also exhibits remarkable effects in both male and female cardiovascular, endocrine, central nervous, musculoskeletal and immune systems [1] Estrogens pass the cell membrane easily because of the hydrophobic structures and show their effects by interacting two nuclear receptors, known as ERα (estrogen receptor alpha) and ERβ (estrogen receptor beta) [2] [3] [4] . However, it is shown that estrogen agonist 17-β-estradiol show some effects only a few minutes after receptor activation [2] . Hence, it was considered that estrogens also interact with the membrane receptors. Subsequently, a receptor was found responsible for some rapid effects of estrogens such as calcium influx and releasing of nitric oxide [5] [6] [7] [8] . This receptor was called G protein coupled estrogen receptor-1 (GPER-1) and located in cell membrane or endoplasmic reticulum. GPER-1 is found extensively throughout the body especially in cardiovascular, urinary, reproductive, immune nervous systems and bones [2, 3, [9] [10] [11] [12] . The role of GPER-1 in the response of estrogen draws attention in cardiovascular system. GPER-1 selective agonist G1 causes vasodilation in mesentery, renal, carotid, coronary arteries and aorta [13] [14] [15] [16] . Furthermore, acute G1 treatment reduced infarct size of heart and post-ischemic contraction dysfunction [17] [18] [19] [20] . Many different studies that were performed in heart indicated the protective role of G1 against I/R injury [17, 18, 20] . The expression of GPER-1 receptors in lungs was shown with northern blot [4] . However, the role of G1 in lung I/R was not examined yet. It was considered that, if acute G1 therapy protected the lungs against I/R damage, GPER-1 receptor may be considered as a possible therapeutic target to prevent or reduce ischemic damage that may occur after life- 
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threatening surgical procedures such as pulmonary thromboembolectomy or lung transplantation. In this study, based on the effects of G1 in heart, we investigated the role of G1 in pulmonary vascular bed. The possible protective effect of acute G1 treatment in pulmonary I/R injury was also examined. Estrogen levels show difference between male and female, therefore the role of G1 was investigated both male and female rats.
RESULTS

Effect of G1 in pulmonary vascular bed
In the precontracted main pulmonary arteries (PAs), G1 (10 -7 -3×10 -6 M) provided a slight vasorelaxation. However, this relaxation was not statistically significant when compared with the control group. The specific GPER-1 antagonist G15 partly inhibited the vasorelaxation (Figure 1 ). There was no change of the basal tension of the PAs with direct administration of G1 (10 -7 -3×10 -6 M, data were not shown).
The bolus intraarterial (i.a.) administration of G1 reduced the pulmonary arterial pressure that was increased with U46619. However, this reduction was not different with control group. The response to G1 in the presence of G15 was similar with the response to G1 alone ( Figure 2) . The direct bolus i.a. administration of G1 did also not change the basal perfusion pressure of the lungs (data were not shown). Figure 1 . G1-induced vasorelaxation in the main PAs of rats. The vasorelaxation was not statistically significant compared to control group. The selective antagonist G15 was partly inhibited the vasorelaxation response of G1 and this inhibition also was not statistically significant. The statistical analysis were performed with Student's t test and data were expressed as mean±standart error mean (SEM), n=6-8. Figure 2 . After i.a. G1 administration the reduction of the pulmonary arterial pressure was not statistically significant compared to control group. The selective antagonist G15 was partly inhibited the vasorelaxation response of G1 and this inhibition also was not statistically significant. The statistical analysis were performed with Student's t test and data were expressed as mean± SEM, n=6-8. 
Effect of acute G1 administration on vasorelaxation responses of PA subsequent ischemia/reperfusion injury
I/R injury reduced the ACh-induced vasorelaxation compare to control group (*p<0.05; I/R group vs. control group). Preischemic acute administration of G1 provided a slight increase in the vasorelaxation response to ACh. However this increase did not reach statistical significance both male and female rats ( Figure 3A and 3B).
A B Figure 3 . The vasorelaxation responses of acetylcholine in male rats isolated lungs. I/R injury reduced the acetylcholineinduced vasorelaxation. The acute G1 treatment did not reverse this reduction (A; *p<0.05 I/R groups vs control group). Similarly, in all I/R groups the vasorelaxation of acetylcholine was reduced in female rats (*p<0.05 I/R groups vs control group (B)), n=6-8.
Similar with ACh, SNP-induced vasorelaxation reduced after I/R injury (*p<0.05 I/R groups vs control group). The increase of SNP-induced vasorelaxation with acute G1 treatment was not statistically significant compared to I/R group ( Figure 4A and 4B).
The reduction in the perfusion pressure with administration of ACh or SNP were not different between male and female rats ( Figure 5A and 5B).
The wet/dry weight ratios of isolated lungs increased based on the I/R injury dependent-edema, (*p<0.05; I/R group vs. control group). The G1 pretreatment did not reduce this increase ( Figure 6A and 6B).
A B Figure 4 . The vasorelaxation responses of SNP in male rats isolated lungs. I/R injury reduced the SNPinduced vasorelaxation. The acute G1 treatment did not reverse this reduction (*p<0.05 I/R groups vs control group). Similarly, in all I/R groups the vasorelaxation of SNP was reduced in female rats (*p<0.05 I/R groups vs control group) n=6 for both groups. A B Figure 5 . The vasorelaxation responses of acetylcholine and SNP were not different between male and female rats after G1 treatment in isolated lungs; n=6 for both groups. The wet/dry weight ratios of isolated lungs were increased based on the edema, which was to I/R injury dependent (*p<0.05; I/R group vs. control group). The G1 pretreatment did not reduce this increase ( Figure 5A and 5B).
A B Figure 6 . The wet/dry weight ratio of isolated lungs both male and female rats (*p<0.05; I/R group vs. control group, n=6 for both groups).
DISCUSSION
In the present study the role of selective GPER-1 agonist G1 on pulmonary system was broadly investigated. The presence of the GPER-1 in lungs was demonstrated previously [4] . However, there are few studies investigating the effects of G1 in the pulmonary system. Reslan et al. showed that G1-induced vasorelaxation in female rat PA was not as potent as vasorelaxation of mesenteric, renal and carotid artery [16] . In our study, we also established that G1 provided a slight relaxation of male PAs. However, the vasorelaxation that was observed in the main PA was not statistically significant when compared to the control group. The direct administration of G1 did also not change the basal tension of the PAs. Therefore, we thought that G1 does not play an active role in vascular regulation in male main PAs. Isolated lung perfusion was performed to evaluate the role of G1 in the resistance arteries of pulmonary vascular bed. Initially the effect of G1 was examined on the lungs that perfusion pressure was increased with U46619. The reduction of the perfusion pressure with G1 administration was not statistically significant when compared to control group and was not fully inhibited in the presence of selective antagonist G15. There was also no effect of G1 on the basal perfusion pressure of the lungs. Hence, G1 did not seem a direct target for pulmonary vascular system diseases. However, it was demonstrated that prophylactic G1 treatment reduced the pulmonary hypertension (PH)-induced right ventricle dysfunction, it can be the results of G1-dependent releasing of nitric oxide [21, 22] .
It is known that in post-menopausal women, the risk of cardiovascular diseases increases due to reduction in estrogens levels [23] . The role of GPER-1 in ischemic heart disease was investigated in many studies. Pre-ischemic acute G1 treatment reduced the I/R injury in both male and female rats [24] . Therefore we investigated the role of G1 in lung I/R injury. For this purpose, I/R injury was induced in isolated lungs from both female and male rats and the effect of acute G1 treatment on the I/R injury was assessed by ACh and SNP administration. Although there was an increase in relaxation responses between the control group and the pre-ischemic acute G1 treatment group, this increase was not statistically significant. When the wet/dry weight ratios of the lungs were evaluated, it was determined that acute G1 therapy did not reduce the amount of I/R injury-induced edema.
Although these results suggest that GPER-1 is not an important receptor in the pulmonary system, there are also many studies indicate the protective effect of GPER-1 in cardiovascular system diseases. GPER-1 mediates the rapid effects of estrogens so it can be expected that selective agonist G1 might be effective in also pulmonary diseases with chronic treatment. Further studies should be perform to elucidate the role of the GPER-1 in the lung tissue. Considering the presence of GPER-1 in lung tissue, it still can be a potential target for therapy of pulmonary diseases.
CONCLUSION
In this study the role of GPER-1 in lung I/R injury was investigated for the first time. The selective GPER-1 agonist G1 provided a slight vasorelaxation in pulmoner vascular bed and acute G1 treatment caused only a little improvement in vasorelaxation responses of ACh and SNP after I/R injury. Considering these promising results, the role of GPER-1 may investigate with further studies.
MATERIALS AND METHODS
Animals
Male (250-300g) and female (180-220g) Sprague Dawley (SD) rats were used in experiments. The rats were housed in a room with a 12 h/12 h light/dark cycle at a constant temperature (22 ± 1°C), and were provided ad libitum access to food and water. All experiments were approved by the Hacettepe University Animal Experimentations Local Ethics Board (2013/21-A).
Chemicals
GPER-1 selective agonist G1 and selective antagonist G15 were purchased from Tocris (Bristol, United Kingdom). All other chemicals were purchased from Sigma Aldrich (St Louis, Missouri, USA). G1 and G15 were dissolved in DMSO, U46619 was dissolved in ethanol and all other chemicals were dissolved distilled water.
Isolated Organ Bath
Isolated organ bath experiments were performed in both male and female SD rats described as previously [25] . Briefly, the rats were euthanized by high-dose anesthesia (ketamine/xylazine) and lungs were isolated and immersed in cold Krebs-Henseleit solution (KHS, comprised of the following: 118 mM NaCl, 4.7 mM KCl, 2.5 mM CaCl2, 1.2 mM KH2PO4, 25 mM, NaHCO3, 1.2 mM Mg2SO4, and 10 mM glucose). Main PA was cleaned and cut into 2-3 mm-long rings. The PA rings were mounted in an organ bath containing 5 ml of KHS. The solution was continuously gassed with 95% oxygen and 5% CO2 at 37°C. The isometric changes in tension were measured with a force transducer (MP36, Commat, Ankara, Turkey). The PAs were equilibrated for 60 minutes under a tension of 1.5 g by washing with KHS every 10 minutes. At the end of the resting period, the integrity of endothelium was determined with a single submaximal dose of ACh; 3×10 -6 M). The endothelium was accepted intact when vasorelaxation were over 70%. Initially, the direct effect of G1 on basal tonus of PA was assessed with cumulative administration (10 -9 -3×10 -5 M). In another set of experiments, the PA rings were precontracted with U46619 (3×10 -8 M) at approximately 1 g and G1 (10 -9 -3×10 -5 M) was applied cumulatively. The response of G1 was repeated after the 30 minutes incubation of GPER-1 selective antagonist G15 (3×10 -6 M). In control group the vehicle (DMSO) was applied instead of selective agonist G1 and all procedure was repeated.
Isolated Lung Perfusion
Male and female SD rats were anesthesized with ketamine/xylazine (90/10 mg/kg). After tracheal cannulation the thoracic cavity was opened and heparin was injected into right ventricle. PA was cannulated and the animal was euthanized by exsanguination from the abdominal aorta. The main pieces of heart was cut, the heart-lung block was isolated. Lungs were mounted to the modified Langendorff system from PA perfusion cannula and perfused with KHS with a constant flow rate (6 ml/min) by using a peristaltic pump (Gilson Model M312, Middleton, USA). The changes in perfusion pressure was measured with a pressure transducer and recorded with an acquisition system (MP36, Commat, Ankara). Lungs were stabilized with 30 minutes and then direct effect of cumulative G1 (10 -7 -3×10 -6 M) on perfusion pressure was assessed. The effect of G1 (10 -7 -3×10 -6 M) was also examined in the lungs that the perfusion pressure was increased with U46619 (3×10 -8 M). These experiments were repeated in the presence of G15 (3×10 -6 M). In control group the vehicle (DMSO) was applied instead of selective agonist G1 and all procedure was repeated.
Ischemia/Reperfusion Model
Male and female rats were used for the I/R experiments. The lungs were stabilized 20 minutes after mounted the modified Langendorff system. Then, G1 (10 -6 M) was applied for 10 minutes. The lungs were removed in KHS solution at 4°C in refrigerator for 20 minutes (ischemia period). At the end of this period, lungs were reperfused for 60 minutes (reperfusion period) [24] . Another set of experiments, the lungs were pretreated with G15 (3×10 -6 M) for 20 minutes and G1 was administrated in the presence of G15 (3×10 -6 M). Then, I/R protocol was performed similarly. In the control group the vehicle (1% DMSO) was applied instead of G1. In all set of experiments the perfusion pressure was increased with U46619 (3×10 -8 M) and i.a. bolus ACh (2µg/0.1ml) or SNP was applied. The lungs were weighed at the end of the experiments and then were dried in the oven at 80°C for 24 hours. The dried lungs were also weighed and the wet weight /dry weight ratio was calculated. In control group the vehicle (DMSO) was applied instead of selective agonist G1 and all procedure was repeated.
Statistical Analysis
All data were expressed as mean ± SEM values. Statistical analysis was performed with two-way ANOVA in isolated organ bath experiments. The analysis of isolated lung perfusion and I/R injury were performed by one-way ANOVA. A p-value of less than 0.05 was considered statistically significant.
